Importance: Hospital readmissions are being used increasingly as an indicator of quality of care. However, it remains difficult to identify potentially preventable readmissions. Objectives: To evaluate the identification of potentially preventable hospital readmissions by using a classification of readmissions based on administrative data. Design and setting: We classified a random sample of 455 readmissions to a Dutch university hospital in 2014 using administrative data. We compared these results to a classification based on reviewing the medical records of these readmissions to evaluate the accuracy of classification by administrative data. Main outcome measures: Frequencies of categories of readmissions based on reviewing records versus those based on administrative data. Cohen's kappa for the agreement between both methods. The sensitivity and specificity of the identification of potentially preventable readmissions with classification by administrative data. Results: Reviewing the medical records of acute readmissions resulted in 28.5% of the records being classified as potentially preventable. With administrative data this was 44.1%. There was slight agreement between both methods: ƙ 0.08 (95% CI: 0.02-0.15, P < 0.05). The sensitivity of the classification of potentially preventable readmissions by administrative data was 63.1% and the specificity was 63.5%.
Introduction
Readmissions are used increasingly worldwide as an indicator of the quality of care [1] [2] [3] [4] [5] . Hospitals in the UK, USA and Germany may even suffer financial penalties for high readmission rates [6, 7] . This is because readmissions due to complications are a burden for patients and account for high healthcare costs. Readmissions can, for example, be a result of insufficient nurse staffing or the result of a substandard work environment [8] . Therefore, a readmission indicator can offer hospitals insight into potential areas of improvement [9] . Recent research has shown that programmes to reduce payments to hospitals with excess readmissions had a significant effect on the inpatient readmission for pneumonia, acute myocardial infarction and heart failure in US hospitals [10] .
However, there are two difficulties in improving patient safety based on readmissions. Firstly, there are different types of readmissions and not all of them are preventable or even reflect the quality of care [1, 11, 12] . Readmissions could be caused by an adverse event, but could also be part of regular planned aftercare in accordance with guidelines. Neither are all readmissions related to their original hospital stay, called the index admission. Secondly, identifying preventable readmissions by studying the records and learning what went wrong, is time consuming. Internationally, readmission rates throughout the hospital vary from 4 to 29% [13] depending on the definition of a readmission. Consequently, many records need to be reviewed when aiming to improve patient safety by using readmission data. This is not feasible given the limited time of hospital doctors who are most likely to be the reviewers because of their medical expertise. A more efficient and reliable way to identify potentially preventable readmissions is needed for hospitals as part of their patient safety policy.
Recently, a classification has been developed using administrative data which can distinguish between potentially preventable readmissions and other reasons for readmissions within 30 days [14] . This classification distinguishes six categories:
• potentially preventable readmissions, meaning that the readmission might be the result of substandard care during the index admission; • anticipated but unpredictable readmissions such as patients with a chronic disease or those likely to need long-term care; • readmissions related to patient and staff preferences;
• coding errors in data collection;
• readmissions as a result of an accident, coincidence or related to a different body system; • broadly related readmissions that is those related to the same body system.
The authors found that 30% of the emergency readmissions are classified as potentially preventable. Such a classification could help hospitals to identify potentially preventable readmissions and patient safety issues without an increase in the registration of admissions or the burden of reviewing medical records. However, administrative data give only a limited representation of the facts [15] . Therefore, it is necessary to verify quite how useful this classification is by checking it against a retrospective review of medical records. A recent study of Sacks et al. [15] evaluated an administrative readmission measure by reviewing medical records. They examined the accuracy of administrative codes in determining the diagnosis of readmission. This study, however, only concerned general surgery and mainly evaluated the accuracy and not the utility of the administrative data.
We aim to evaluate how applicable a classification of readmissions is based on administrative data to identify potentially preventable readmissions. We verified the results by reviewing and categorizing the patient records of these readmissions. Such a classification based on administrative data could be of great value in creating a readmission indicator that can be used as a screening tool for improvements in the quality of care.
Methods

Sample and setting
We looked at readmissions to a Dutch university hospital, taking a random sample of 455 out of all of its readmissions in 2014. The hospital has about 1000 beds and nearly 30 000 clinical admissions each year.
Definition and exclusions
We used the following definition of a readmission: a clinical admission to the same hospital within 30 days of discharge following the clinical index admission [14, 16] . We took into account all-cause readmissions meaning that they do not need to be related to the cause of the initial hospitalization [15, 16] . We used the index admission as the unit of analysis. This means that each readmission of the same patient is again an index admission for a second readmission [17] .
We excluded cancer care, obstetrics and psychiatric care in the principal diagnoses, because a major part of the readmissions for these patients is considered as part of the usual care path [18] . In our study, we included readmissions which are not acute (n = 160) to verify this commonly applied exclusion [18] .
To evaluate the accuracy of classification by administrative data, compared to that by reviewing medical records, we looked only at the acute readmissions (n = 295).
Design
The admissions are registered in the Dutch National Basic Registration of Hospital Care (LBZ) [19] . We classified the random sample of 455 readmissions using the information that was available in the administrative data. This concerned information about the diagnoses and patterns of readmissions. The complete details of codes used for the classification are given in Appendix 2. We compared these results with a classification of the sample achieved by reviewing the records of these readmissions retrospectively to reveal the reason for the readmission.
Classification
We used the classification of Blunt et al., developed previously, and made a couple of modifications. We focused on categories A, 'Potentially preventable', which means that the readmission might be the result of substandard care arising during the index admission, and B, 'Anticipated but unpredictable hospital care'. We only used the total A-category and total B-category as a review of the medical records could not make the distinction between sub-categories of category A and B of the original classification. Additionally, for reviewing medical records, we divided category A into five subcategories based on a classification by Halfon et al. [20] . This was to gain more insight into the reason for readmission. We added a category 'Planned care' to the classification as the original classification has been designed only for acute readmissions [14] . Our study also takes into account the readmissions which are not acute. Furthermore, we combined infrequent reasons for readmissions according to the original classification-readmissions related to the patient or staff preferences and coding errors in data collectioninto a new category, 'Other'. This category does not exist in the classification based on administrative data, because when a record does not belong to category A or B, it is automatically classified in either category C 'related to a different body system' or D 'related to the same body system'. The final classification can be found in Appendix 1.
Reviewing medical records
The records from the readmission and the index admission were studied in the electronic patient record system by the record reviewer (FvdB) to determine to which category the readmission belonged. Part of the records was also reviewed by a second reviewer (CZ) to explore and assure consistency in reviewing. Firstly, the two reviewers scored the first 10 records together. Next, the readmissions that could not be categorized obviously by the first reviewer were also reviewed by the second reviewer. This occurred in 18% of the cases. These records were discussed until a consensus was achieved. Of all readmissions where no consultation took place, an additional random 10% of the records were categorized, blindly, by the second reviewer to investigate the agreement in the classification. In total, 27% of the records (10 + 78 + 36) were reviewed by both reviewers. The inter-rater reliability of the classification by the two reviewers was calculated by Cohen's kappa using SPSS version 22. The reviewers were authorized by the hospital to access the relevant patient records. The hospital's ethics committee responsible for human experimentation decided that no legal permission was necessary for this study.
Analysis
We compared the frequencies of the categories based on administrative data with those based on reviewing medical records and calculated 95% confidence intervals. The agreement between both methods was calculated by Cohen's kappa. We calculated the sensitivity and specificity of the identification of potentially preventable readmissions through the classification by administrative data. Therefore, we considered classification by administrative data as a test and classification by reviewing medical records as the truth, to determine the true positives and true negatives. The sensitivity was calculated by dividing the true positives by the total number of admissions classified as potentially preventable by reviewing records. The specificity was calculated by dividing the true negatives by the total number of admissions classified as not potentially preventable by reviewing records.
Results
Classification
The inter-rater reliability of the classification by the two reviewers showed substantial agreement: ƙ 0.63 (95% CI: 0.44-0.83, P < 0.001).
It appeared that 44.1% of the acute readmissions were classified as potentially preventable with administrative data, while based on reviewing medical records, this was 28.5% (Fig. 1) .
There was slight agreement for the classification of record reviewing versus administrative data: ƙ 0.08 (95% CI: 0.02-0.15, P < 0.05). In total, 36.9% (n = 109) of these records were classified in the same category by using administrative data compared to reviewing medical records ( Table 1 ). The proportion of the classification which was the same, determined using both methods, was highest in category A, namely 63.1%.
The administrative tool recognized 40.8% (53 of 130) of all readmissions that by reviewing medical records were classified as potentially preventable (Table 2 ). This means that the sensitivity of classification by administrative data was 63.1% (53/(53 + 31)) and the specificity was 63.5% (134/(134 + 77)). More detailed information about the classification of readmissions is given in Appendix 1.
Sub-classification
Most acute readmissions classified as potentially preventable through a review of medical records (n = 84), appeared to be a complication of surgical care (65.5%). A smaller part of the potentially preventable readmissions was a result of premature discharge or other inadequate discharge (15.5%), complication of care other than surgery (7.1%), drug-related adverse events (6.0%) or other reasons (6.0%).
Not acute readmissions
Most of the not acute readmissions were classified through reviewing medical records as 'planned care' (Table 3) . Besides, 5.0% (n = 8) of the not acute readmissions were classified as potentially preventable.
Discussion
Classification
We aimed to evaluate the identification of potentially preventable readmissions gained through a classification based on administrative data [14] , by reviewing and categorizing these records. By administrative data 44.1% of the acute readmissions were classified as potentially preventable, versus 28.5% by reviewing medical records. The sub-classification of this category showed that most readmissions were a complication of surgical care (65.5%). This is understandable as surgical specialties do have to take many calculated risks into account, especially in emergency surgery [21] . The percentage of the records that were classified in the same category by both methods was modest. However, it was highest in category A, which is most relevant for the purpose of identifying potential improvements in the quality of care.
The proportion of readmissions, classified by administrative data as potentially preventable in our study (44.1%), is higher than the 30.0% found by Blunt et al. [14] . Part of this difference may be explained by the definition of emergency admissions in the UK being slightly different from that in the Netherlands. The classification based on administrative data was recently applied to eighteen Dutch hospitals [22] . Their results are comparable with our study.
A previous study examined the accuracy of administrative codes in determining the diagnosis of readmission [15] . It reviewed the medical records of a cohort of general surgery patients. They found that the data of administrative claims are often inaccurate in describing the readmission diagnosis and fail to identify the true number of planned readmissions. This is in line with our finding that, for a considerable part of the readmissions, administrative data are not able to classify these correctly.
Acute versus not acute readmissions
When looking only at the not acute readmissions, 5.0% were classified as potentially preventable. This is low compared to the 28.5% of the acute readmissions which were classified in this category. This finding might imply that the quality of care is more reflected through acute readmissions compared to not acute readmissions. Therefore, the commonly applied exclusion of not acute readmissions seems reasonable. Another option would be to include in the readmission indicator all the not acute readmissions which are classified as potentially preventable.
Strengths and limitations
Our study breaks new ground in comparing a classification based on administrative data with that based on a review of medical records. As such it creates the opportunity to explore the practical use of the administrative means of classification. Literature states that reviewing medical records is a reliable method for determining the main cause of a readmission [20] . We reviewed 455 records, which compares well with other studies such as Sacks et al. (315 readmissions reviewed) [15] .
This study is limited to only one university hospital. The results may be different for general hospitals as they differ in several aspects from university hospitals.
A limitation of the study is that only one reviewer has reviewed all records. This might have caused reviewer bias. We tried to restrict this bias in three ways: (1) the first 10 records were reviewed together with a second reviewer; (2) the readmissions that could not obviously be categorized by the first record reviewer were also reviewed by the second reviewer and; (3) a random sample of the records not discussed in (1) or (2) was investigated by the second reviewer. The inter-rater reliability of the classification (ƙ 0.63) was high compared with previous record reviewing studies [23] , but smaller than a study specifically concerned with reviewing readmissions [20] .
While reviewing medical records is seen as the gold standard when determining the cause of readmission [20] , reviewer bias might occur as specialists tend to attribute a complication to the patient's illness and the circumstances. A recent study showed that the agreement among physicians about the predictability of readmission was moderate to good, while the agreement about the preventability of readmission was poor [24] . Therefore, very precise rules are necessary in order to make a justified decision on to which category a readmission belongs. The distinction between category A and B can sometimes only be made when all details from the medical and nursing records are available. An example from this study is a patient with diverticulitis who underwent colectomy and was readmitted as an acute patient after three weeks. An analysis was needed to see whether the readmission resulted from the chronic illness that recurred (category B) or was a complication of the colectomy (category A). Furthermore, a correct classification of readmissions is only possible when the registration of the data is accurate. A check on the data quality of the LBZ was performed recently. This concerned, among other criteria, sufficient registration of comorbidities, the proportion of acute care and avoiding the use of vague diagnoses in the registrations. The quality of the hospital data for our study is comparable with the national average [25] .
Finally, our study was limited in its ability to track patients across hospitals because the database has no reliable information about transfers between different hospitals or readmissions to other hospitals. Research has shown that about one-fifth of all readmissions occur in a different hospital and these patients have different characteristics compared to patients who were readmitted to the same hospital [26] .
Implications for practice
This study shows a sensitivity of 63.1% for identifying potentially preventable readmissions and a specificity of 63.5% for rejecting not potentially preventable readmissions with administrative data.
Therefore, this tool can only be used in practice with great caution. It is definitely not suitable for penalizing hospitals based on their number of potentially preventable readmissions. However, it might be used as a screening tool to identify potentially preventable readmissions more efficiently.
When using the administrative method to look at only the records classified as potentially preventable, fewer records need to be reviewed. Yet, the chance of finding potentially preventable readmissions is increased.
The sub-classification of category A shows several causes for this type of readmission. Some readmissions are a result of known complications of a procedure, which is a calculated risk. This kind of readmission can never be totally prevented but may give insight into which part of these readmissions might be prevented when looking, for example, over time within a hospital, or between hospitals. Therefore, the classification might be used to identify variation on the level of the hospital or medical specialty compared to the national average or peer group of hospitals.
Future research
The classification based on administrative data has the potential to be an efficient method of identifying potentially preventable readmissions. However, an improvement in the classification is required. The algorithms for identifying potentially preventable readmissions could be further specified. More extensive reviewing of medical records is needed as this reveals relevant further input for the classification with administrative data. This classification is based on readmissions within 30 days after the initial admission. Whether the results of the classification change when another timeframe is chosen could be investigated further.
As this study is applied to only one university hospital, future research is needed to determine to what extent these results are applicable to general hospitals. General hospitals differ in several aspects from university hospitals, so this might be reflected in a different distribution of the categories of readmissions.
Conclusion
The classification by administrative data delivers significantly different results to that based on reviewing medical records and can therefore only be used with great caution. However, by using the classification, the reviewing of medical records will identify potentially preventable readmissions in a more efficient, though less accurate, way. It might be used as a screening tool requiring less of healthcare professionals' time to achieve a first insight into the main causes of potentially preventable readmissions. In this way, it could offer opportunities for improvement of the quality of care.
